INTRODUCTION
Beginning from the discovery of the narrow meson states D * s0 (2317) and D ′ s1 (2457) (the so-called D sJ ) by BaBar [1] and CLEO [2] in 2003, respectively, open charm/bottom hadrons of the heavy-light systems have been discovered one after another. Ten years before this discovery, we proposed a formulation for the semi-relativistic potential model [5] , based on which we have calculated mass spectra of higher states of the heavylight mesons. Subsequently to the discovery of D sJ , another set of broad heavy mesons, D * 0 (2308) and D ′ 1 (2427), were discovered by the Belle collaboration [3] . These mesons are identified as cq (q = u/d) excited (ℓ = 1) bound states and have the same quantum numbers, j P = 0 + and 1 + , as D sJ , respectively. The decay widths of these excited D sJ mesons are narrow, since the masses are below the DK/D * K threshold, and hence the dominant decay modes violate the isospin invariance, whereas the excited D mesons, D 
OUR SEMI-RELATIVISTIC POTENTIAL MODEL
Our formulation [5] using the Cornell potential is to expand Hamiltonian, energy, and wave function in terms of 1/m Q and sets coupled equations order by order. The nontrivial differential equation is obtained in the zeroth order, which gives orthogonal set of eigenfunctions, and quantum mechanical perturbative corrections to energy and wave functions in higher orders are formulated. Applying the Foldy-Wouthuysen-Tani (FWT) transformation to a heavy quark and the Hamiltonian, eigenvalue equation becomes
with the Cornell potential given by
where integers of subscripts and superscripts denote order in 1/m Q and H = H FWT − m Q [5] . The FWT transformation is not a simple non-relativistic reduction but it also in-
Procedure how the degeneracy is resolved in our model.
cludes the effects of the negative components of the heavy quark. We have the following expanded Hamiltonians:
Here superscripts ++ mean that the matrix elements of the Hamiltonian are taken between the positive energy components of the heavy quarks. Negative components of the heavy quark have not much contributions to the masses and so are the second orders in 1/m Q . Equation (2) gives the projection operator and determines the lowest order wave function which has only the positive component of the heavy quark while the light-antiquark is treated as a fully relativistic Dirac particle, being expressed by Eq. (3). The original Hamiltonian has the heavy quark symmetry (HQS) in the limit of m Q → ∞, and then this symmetry is broken by including the 1/m Q correction terms. Actually the HQS is broken by the third term in Eq. (4), which only depends on the quantum number k that determines whether the HQS is broken or not. This term includes the Dirac matrix α q , which has only off-diagonal matrix elements so that there is no counter term after the non-relativistic reduction. The chiral symmetry is broken in the first step (1), which is included in the Hamiltonian in a certain limit as shown in Fig. 1 , then the system breaks the HQS in the last step (2) in Fig. 1 , which is nothing but the hyperfine splitting owing to the third term of Eq. (4). The dominant term for the mass is given by the recoil term, p 2 /(2m Q ), the first term in Eq. (4) .
Mass Spectra
To demonstrate that how good our model calculations are, let us show in the following Tables 2∼5 the comparison with the experimental data with the parameter set given in Table 1 . In Tables 2 ∼ 5, J P stands for the total spin and parity, M 0 the lowest degenerate mass, c 1 /M 0 the first order correction, M calc calculated value of mass, and M obs observed mass. The calculated masses, M calc , are within one percent of accuracy compared with the observed masses, M obs , k the quantum number of the operator 
Comparison with Other Models
After observing that our model nicely succeeds in predicting and/or reproducing the experimental data for the heavy-light mesons, we should clarify the reason why our model well works while others do not. Especially the other models have trouble to generate masses for the 0 + and 1 + states of D s . We will give Table 6 which qualitatively describes the differences between our model and others. As one can see in Table 6 , only successful quark potential model to reproduce masses of D sJ is our semirelativistic model. A coupled channel method is also successful but the physical meaning remains obscure in that the authors of [15] do not take into account all the channels.
The BS equation is proposed by Zeng, Van Orden, and Roberts [12] to describe the heavy-light system, which is similar to ours except that they neglect the negative components of the heavy quark. Their numerical calculations give values higher than DK/D * K thresholds and use constituent quark masses. The differences between ours and theirs are i) whether the light quark masses m q are small or not, i.e., current or constituent quark masses, ii) whether the negative components of the heavy quark are taken into account or not. We adopt the current quark masses, m u = m d = 11.2 and m s = 92.9 MeV while they adopt m u = m d = 248 and m s = 400 MeV. We take into account the negative components of the heavy quark which contribute to the second order calculations in 1/m Q , while the paper [12] takes into account the second orders coming from only the positive components of the heavy quark. Considering our successful calculations, we believe that if they [12] adopt the current quark masses, then they would obtain the correct mass values for D sJ by adjusting parameters. How the light quark mass affects the spectra can be seen in Figure 1 of Ref. [17] , in which paper the average D meson mass of D and D * is calculated by varying the c quark mass and by taking two values of the light quark mass, m u = 10 and 336 MeV. Even though the potential form is different from ours, this figure shows that the value of the light quark mass is important to determine the spectra of the heavy-light system. It turns out that only the case of m u = 10 MeV, i.e., current quark mass, can fit with the experiments for the heavy-light system. In the last two rows of 
